We aimed to evaluate the effect of testosterone replacement therapy (TRT) on cognitive function and depression in men with testosterone deficiency syndrome.
INTRODUCTION
The prevalence of low levels of total serum testosterone is approximately 20% in individuals younger than 50 years, and 50% in those younger than 80 years [1] . Testosterone deficiency syndrome (TDS) represents a clinical and biochemical syndrome associated with advancing age, and is characterized by a total level of serum testosterone below the reference range calculated based on the levels noted among healthy adult men. TDS may have adverse effects on the function of multiple organ systems. Common symptoms of TDS include low libido, decreased vitality, fatigue, mood changes, insomnia, anemia, flushes, erectile dysfunction, decreased muscle mass, increased visceral body fat, ejaculatory dysfunction, and loss of concentration [2] . Low testosterone levels have also been associated with impaired quality of life due to symptoms such as depression and cognitive impairment [3] , as well as poorer sense of psychological well-being [4] and subsyndromal levels of depression and anxiety in otherwise healthy older men [5] . Testosterone replacement therapy (TRT) is a widely-used treatment for men with TDS, with well documented beneficial effects on libido, energy levels, bone density, strength, and muscle mass [6] . While a meta-analysis has suggested that TRT may improve depression scores [7] , reports regarding the beneficial effects of TRT on quality of life and depressive mood have not been consistent across trials [8] . Lower levels of testosterone appear to affect spatial abilities, verbal abilities and cognitive function [9] . Reports regarding the effects of TRT on cognitive function and memory scores have described mixed results [10, 11] . In the present study, we investigated the efficacy and safety of TRT in patients with TDS, as well as its effect on cognitive performance and depression.
MATERIALS AND METHODS
The present study was conducted as a prospective, placebo-controlled study. The study protocol was approved by the Institutional Review Board of Daegu Catholic University Medicine Center and all participants provided informed consent. TDS patients aged ＞40 years were recruited between April and December 2011. TDS was defined as a total serum testosterone level of ＜3.3 ng/mL, with symptoms of hypogonadism. The exclusion criteria were: prostate cancer; suspicion of prostate cancer based on elevated levels of serum prostate-specific antigen (PSA, ＞4.0 ng/mL), and a digital rectal examination; high value (＞20) of the self-reported International Prostate Symptom Score; and comorbid pathologies including decreased liver function, chronic renal insufficiency requiring hemodialysis, and severe cardiovascular co-morbidities such as acute myocardial infarction. Use of concomitant medication involving alpha adrenergic blockers, 5-alpha reductase inhibitors, and phosphodiesterase type 5 inhibitors, which can influence urination and the function of sexual hormones, was not permitted during the study.
A total of 106 patients (mean age, 55.8 years; age range, 42∼67 years) with TDS were enrolled in the study. The blood sampling for the measurement of serum total testosterone was performed between 9:00 AM and 11:00 AM. The study population was divided into two groups according to whether the patients received TRT (TRT group, n=54) or a placebo (control group, n=52). TRT was performed in the form of several injections of 1,000 mg testosterone undecanoate. The patients from the TRT group were injected upon enrollment, at 8 weeks, and then every 3 months; these patients also received recommendations for lifestyle modification. The patients from the control group received recommendations to change their lifestyle, but did not undergo any treatment with injections.
The study outcomes were evaluated in terms of efficacy and safety of the TRT treatment. The parameters describing efficacy were the total serum testosterone levels (measured between 09:00 AM and 11:00 AM) and the change in the scores for Aging Males' Symptoms (AMS) and 5-item International Index of Erectile Function questionnaire (IIEF-5), which were monitored at baseline and at the 8-month follow-up to calculate the body mass index (BMI). To assess the condition of the prostate, the following evaluations were performed at baseline and at the 8-month follow-up: measurement of PSA levels, uroflowmetry, digital rectal examination, and transrectal ultrasound to assess prostate volume.
Cognitive function was assessed at baseline and at the 8-month follow-up using the Korean Mini-Mental State Examination (K-MMSE), which represents an established instrument to screen for cognitive impairment or dementia in a community setting [12] . Depression was assessed at baseline and at the 8-month follow-up using the 21-item Beck Depression Inventory (BDI), which is one of the most popular measures of depressive symptoms worldwide [13] .
Sample size calculations were conducted using G*Power version 3.1 (Düsseldorf University, Düsseldorf, Germany). For a significance level of 0.05 and statistical power of 80%, the minimal sample size necessary to observe an effect was calculated to be 92. Statistical analysis was performed using the Korean version of PASW Statistics ver. 18.0 (IBM Co., Armonk, NY, USA). Data regarding the TRT and control groups was compared using Student's t-test and the Mann-Whitney U-test. Baseline and follow-up values of continuous variables were compared using the paired t-test. Statistical significance was set at a p-value of ＜0.05.
RESULTS
Among the 106 patients enrolled, 54 received TRT and were included in the TRT group (age, 56.7±12.6 years), while 52 received the placebo treatment and were included in the control group (age, 57.8±11.4 years). At baseline, there were no statistically significant differences between the TRT and control groups regarding BMI, PSA levels, prostate volume, maximal urinary flow rate, postvoid residual volume, total serum testosterone levels, or scores of IIEF-5, AMS, BDI, and K-MMSE ( Table 1 ). The baseline testosterone levels in the TRT and control groups were 2.5±0.6 ng/mL and 2.6±0.7 ng/mL, respectively, whereas the baseline BDI scores were 26.6±4.2 and 27.2±5.3, respectively. The baseline K-MMSE scores in the TRT and control groups were 24.8±4.4 and 23.9± 4.6, respectively.
At the 8-month follow-up, patients in the TRT group showed significantly higher levels of total serum testosterone and IIEF-5 scores compared to the baseline values. The patients in the TRT group also showed significantly lower AMS and BDI scores compared to the baseline val- ues (Table 2) . No statistically significant differences between baseline and follow-up values were observed regarding BMI, PSA levels, prostate volume, maximal urinary flow rate, and postvoid residual volume in the TRT group. No significant differences between baseline and follow-up values were observed regarding serum testosterone levels or scores for AMS, IIEF-5, BDI, and K-MMSE in the control group (Table 3) . At 8 months after intervention, the improvement in total testosterone levels, IIEF-5 score, AMS score, and BDI score was significantly higher for the TRT group than for the control group (Fig. 1) . While the overall K-MMSE scores did not significantly increase over the baseline values in either group, significant improvement was noted for patients with cognitive impairment (K-MMSE scores ＜25) who received TRT (Fig. 2) . There were few serious adverse events, and the incidence of such events did not differ significantly between the TRT and control groups. Prostate biopsy was performed in 3 patients who showed PSA levels ＞4 ng/mL after TRT, but no carcinoma was noted. No participant experienced an increase in hematocrit levels to ＞54%. No cardiovascular events, including stroke, myocardial infarction, or unstable angina were reported in either group.
DISCUSSION
The effect of testosterone administration on cognitive function and depression in hypogonadal men is believed to be related to the enhancement of brain perfusion, which is supported by the fact that there are androgen receptors in the brain, suggesting that steroid hormones play a role in neuronal function. Zitzmann et al [14] used 18F-deoxyglucose positron emission tomography to study cerebral glucose metabolism during a standardized mental rotation task in six hypogonadal men. All patients performed the test before and during TRT. While receiving TRT, four of six patients exhibited improved visuospatial performance, which corresponded with enhanced cerebral glucose metabolism during the test. Azad et al [15] used single photon emission computed tomography and showed that, after 3∼5 weeks of TRT, cerebral perfusion was increased in the midbrain and the superior frontal gyrus in seven men with hypogonadism. After 12∼14 weeks, increased perfusion was still observed in the midbrain as well as in the midcingulate gyrus.
In the present study, TDS patients who received TRT showed significant improvement in cognitive function only if mild cognitive impairment was present at baseline (K-MMSE score ＜25).
Mild cognitive impairment is believed to be associated with increased risk of developing Alzheimer's disease, as an estimated 6% to 25% individuals with mild cognitive impairment will develop Alzheimer's disease compared with a conversion rate of 0.2% to 3.9% in the general population [16] .
The effects of TRT in men with mild cognitive impairment or Alzheimer's disease have been evaluated in small placebo-controlled trials. For example, Cherrier et al [17] evaluated a sample of 32 subjects, which included 17 men with mild cognitive impairment and 15 with Alzheimer's disease. At the 6-week follow-up, patients who received TRT showed significantly better scores regarding spatial memory, constructional abilities, and verbal memory compared to those noted in the placebo group. Taken together, these results suggest that TRT has a beneficial effect on cognitive function.
The baseline BDI scores in the TRT and control groups were 26.6±4.2 and 27.2±5.3, respectively indicating higher depression scores among TDS patients compared to those noted in the general population. In the present study, patients who received TRT showed significantly improved BDI scores at 8 months after the intervention, which supports previous reports that TRT improved mood and well-being, and reduced fatigue and irritability in hypogonadal men [18, 19] . The study by Pope et al [20] involved men with depression refractory to standard antidepressants, and found that TRT lowered the Hamilton Depression score, which is a standard indicator of depression. Since it has been well-documented that depression tends to increase as testosterone levels decrease [21] , it is highly likely that TRT improved symptoms of depression by increasing testosterone levels.
The present study has several limitations related to the fact that we did not evaluate the levels of free or bioavailable testosterone, the assessment of cognitive function did not consider specific types of skills (spatial, verbal, visual, etc.), and the follow-up was relatively short. Largescale studies with long-term follow-up are warranted to fully characterize the effect of TRT on cognitive function and depression.
CONCLUSIONS
TRT effectively improved total serum testosterone levels as well as IIEF-5, AMS, and BDI scores in men with TDS, suggesting that TRT may indeed improve some aspects of depression and cognitive ability in such patients. Therefore, TRT may be considered for men presenting with depression or cognitive impairment in addition to low testosterone levels.
